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EXECUTIVE SUMMARY
This report describes the environmental radiological monitoring program
conducted by TVA in the vicinity of the Sequoyah Nuclear Plant (SQN) in
1989. The program includes the collection of samples from the
environment and the determination of the concentrations of radioactive
materials in the samples. Samples are taken from stations in the general
area of the plant and from areas not influenced by plant operations.
Station locations are selected after careful consideration of the weather
patterns and projected radiation doses to the various areas around the
plant. Material sampled includes air, water, milk, foods, vegetation,
soil, fish, sediment, and direct radiation levels. Results from stations

near the plant are compared with concentrations from control stations and

with preoperational measurements to determine potential impacts of plant

operations.

The vast majority of the exposures calculated from environmental samples

were contributed by naturally occurring radioactive materials or from

materials commonly found in the environment as a result of atmospheric

nuclear weapons fallout. Small amounts of Co-60 were found in sediment

samples downstream from the plant. This activity in river sediment would

result in no measurable increase over background in the dose to the

general public.,




INTRODUCTION

This report describes and summarizes a buge volume of data, the results of
many thousands of measurements and laboratory analyses. The measurements are
made to comply with regulations and to determine potential effects on public
health and safety. This report satisfies the annual reporting requirements of
SQN Technical Specification 6.9.1.6. In addition, estimates of the maximum
potential doses to the surrounding population are made from radioactivity
measured both in plant effluents and in environmental samples., Some of the

data presented are prescribed by specific requirements while other data are

included which may be useful or interesting to individuals who do not work

with this material routinely,

Naturally Occurring and Background Radioactivity

All materials in our world contain trace amounts of naturally occurring

radioactivity. Approximately 0.0l percent of all potassium is radioactive

potassium-40. Potassium-40 (K-40), with a half-life of 1.3 billion years, is

one of the major types of radiocactive materials found naturally in our

environment. An individual weighing 150 pounds contains about 140 grams of

potassium (reference 1). This is equivalent to approximately 100,000 pCi of

K-40 which delivers a dose of 15 to 20 mrem per year to the bone anrd soft

tissue of the body. Naturally occurring radioactive materials have always

been in our environment. Other examples of naturally occurring radioactive

materiales are bismuth-212 and 214, lead-212 and 214, thallium 208,

actinium-228, uraninum-238, uranium-235, thorium-234, radium-226, radon-222,

carbon-1l4, and hydrogen-3 (generally called tritium),




These naturally occurring radioactive materials are in the soil, our food, our

drinking water, and our bodies. The radiation from these materials makes up a

part of the low-level natural background radiation. The remainder of the
natural background radiation comes from outer space,

We are all exposed to

this natural radiation 24 hours per day.

The average dose equivalent at sea level resulting from radiation from outer
space (part of natural background radiation) is about 27 mrem/year. This

essentially doubles with each 6600-foot increase in altitude in the lower

atmosphere. Another part of natural background radiation comes from naturally

occurring radicactive materials in the soil and rocks. Because the quantity

of naturally occurring radiocactive material varies according to geographical

location, the part of the natural background radiation coming from this

radioactive material also depends upon the geographical location. Most of the

remainaer of the natural background radiation comes from the radioactive

materials within each individual's body. We absorb these materials from the

food we eat which contains naturally occurring radicactive materials fron the

s0il. An example of this is K-40 as described above. Even building materials

affect the natural background radiation levels in the environment. Living or

working in a building which is largely made of earthen material, such as

concrete or brick, will generally result in a higher natural background

radiation level than would exist if the same structure were made of wood.

This is due to the naturally occurring radioisotopes in the concrete or brick,

such as trace amounts of uranium, radium, thorium, etc.




Because the city of Denver, Colorado, is over 5000 feet in altitude and the

s0il and rocks there contain more radiocactive material than the U.S. average,

the people of Denver receive around 350 mrem/year total natural background
radiation dose equivalent compared to about 295 mrem/year for the national
average. People in some locations of the world receive over 1000 mrem/year
natural background radiation dose equivalent, primarily because of the greater
quantity of radioactive materials in the soil and rocke in those locations.

Scientis'r have never been able to show that these levels of radiation have

caused physical harm to anyone.

it is possible to get an idea of the relative hazard of different types of
radiation sources by evaluating the amount of radiation the U.S. population

receives from each general type of radiation source. The information below is

primarily adapted from references 2 and 3.

U.S. GENERAL POPULATION AVERAGE DOSE EQUIVALENT ESTIMATES

Source

Millirem/Year Per Person

Natural background dose equivalent
Cosmic
Cosmogeni
Terrestrial
In the body
Radon

TQ:LI',

Release of radioactive material in
natural gas, mining, milling, etc.

Medical (effective dose equivalent) 53

Nuclear weapons fallout less than 1

Nuclear energy 0.28

Consumer products

0.03

355 (approximately)




As can be seen from the table, natural background radiation dose equivalent to
the U.S. population normally exceeds that from nuclear plants by several
hundred times. This indicates that nuclear plant operations normally result
in a population radiation dose equivalent which is insignificant compared to
that which results from natural background radiation. It should be noted that
the use of radiation and radioactive materials for medical uses has resulted
in a similar effective dose equivalent to the U.S. population ae that caused

by natural background radiation.

Significant discussion recently has centered around exposures from radon.
Radon is an inert gas given off as a result of the decay of naturally
occurring radium-226 in soil. When dispersed in the atmosphere, radon
concentrations are relatively low. However, when the gas is trapped in closed
spaces, it can build up until concentrations become significant. The National
Council of Radiation Protection and Measurements (reference 2) has estimated
that the average annual effective dose equivalent from radon in the United
States is approximately 200 mrem/year. This estimated dose is approximately

twice the average dose equivalent from all other natural background sources.

Electric Power Production

Nuclear power plants are similar in many respects to conventional coal burning
(or other fossil fuel) electrical generating plants. The basic process behind
electrical power production in both types of plants is that fuel is used to

heat water to produce steam,



However, nuclear plents require many complex systems to control the nuclear
fission process and to safeguard against the possibility of reactor
malfunction, which could lead to the release of radiocactive materials. Very
emall amounts of these "fission and activation products" are released into the
plant systems. This radiocactive material can be transported throughout plant

systems and some of it released to the environment.

All paths through which radicactivity is released are monitored. Liquid and

gaseous effluent monitors record the radiation levels for each release. These

monitors also provide alarming mechanisms to allow for termination of any

release above limits,

Releases are monitored at the onsite points of release and through an

environmental monitoring program which measures the environmental radiation

outlying areas around the plant. In this way, not only is the release of

radioactive materials from the plant tightly controlled, but measurements are

made in surrounding areas to ensure that the population is not being exposed

to significant levels of radiation or radioactive materials.

Plant Technical Specifications limit the release of radioactive effluents, as

well as offsite doses due to the release of these effluents. Additional

limits are set by the Environmental Protection Agency (EPA) for doses to the

public.




The doses to a member of the general public from radicactive materials
released to unrestricted areas, as given in the Technical Specifications, are

limited to the following:

Liquid Effluents

mrem/year

Total body 3
0 mrem/year

Any organ

S
A

Gaseous Effluentg

Noble gases:

Camma radiation <10 mrad/year

Beta radiation <20 mrad/year
Particulates:

Any organ <15 mrem/year

The EPA limits for the total dose to the public in the vicinity of a nuclear
power plant, established in the Environmental Dose Standard of 40 CFR 190, are

as follows.

Total body 25 mrem/year
Thyroid 75 mrem/year
Any other organ 25 mrem/year

In addition, 10 CFR 20.106 provides maximum permissible concentrations (MPCs)
for radioactive materials released to unrestricted areas. MPCs for the
principal radionuclides associated with nuclear power plant effluents are

presented in table 1.



SITE/PLANT DESCRIPTION

The SQN is located on a site near the geographical ceanter of Hamilton County,

Tennessee, on a peninsula on the western shore of Chickamauga Lake at
Tennessee River Mile (TRM) 4B4.S. Figure 1 shows the site in relation to
other TVA projects. The SQN site, containing approximately 525 acres, is

approximately 7.5 miles northeast of the nearest city limit of Chattanocoga,

Tennessee, 14 miles west-northwest of Cleveland, Tennessee, and approximately

31 miles south-southwest of TVA's Watts Bar Nuclear Plant (WBN) gite.

Population is distributed rather unevenly within 10 miles of the SQN site,

Approximately 60 percent of the population is in the general area between &

and 10 miles from the plant in the sectors ranging from the SSW, clockwige, to

the NW sector. This concentration is a reflection of suburban Chattanooga and

the town of Soddy-Daisy. This area is characterized by considerable vacant

land with scattered high quality residential subdivisions. he northern

extent of the residential development is approximately 2 miles from the site.

The population of the Chattanooga urbanized area is over 250,000, while

Soddy-Daisy has approximately 10,000 people.

With the exception of the community of Soddy-Daisy, the areas west, north, and

east of the plant are sparsely settled. Development consists of scattered

semirural and rural dwellings with :ssociated small-scale farming. At least

one dairy farm is located within a 10-mile radius of the plant.




Chickamauga Reservoir is one of a series of highly controlled multiple~use

reservoirs whose primary uses are flood control, navigation, and the

generation of electric power. Secondary uses include industrial and public

water supply and waste disposal, commercial fishing, and recreation. Public

access areas, boat docks, and residential subdivisions have been developed

along the reservoir shoreline.

The SQN consists of two pressurized water reactors: each unit is rated at

1171 megawatts (electrical). Fuel was loaded in unit 1 on March 1, 1980, and

the unit achieved cuvitically on July 5, 1980, Fuel was loaded in unit 2 in

July 1981, and the unit achieved initial criticality on November 5, 1981. The

plant, shut down in August 1985, was restarted in 1988.




ENVIRONMENTAL RADIOLOGICAL MONITORING PROGRAM

The unique environmental concern associated with a nuclear power plant is its

production of radicactive materials and radiation. The vast majority of this

radiation and radioactivity is contained within the reactor itself or one of
the other plant systems designed to keep the material in the plant. The
retention of the materials in each level of control is achieved bv system

engineering, design, construction, and operation. Environmental monitoring is

a final verification that the systems are performing as planned. The

monitoring program is designed to check the pathways between the plant

people in the immediate vicinity and to most efficiently monitor these

pathways. Sample types are chosen so that the potential for detection

radioactivity in the environment will be maximized. The environmental

radiological monitoring program ie outlined in appendix A

There are two primary pathways by which radioactivity car move through the

environment to humans: air and water (see figure 2). The air pathway can be

separated into two components: the direct (airborne) pathway and the indirect

(ground or terrestrial) pathway. The direct airborne pathway consists of

direct radiation and inhalation by humans. In the terrestrial pathway,

radioactive materials may be deposited on the ground or on plants and

subsequently be ingested by animals and/or humans. Human exposure through

liquid pathway may result from drinking water, eating fish, or by direct

exposure at the shoreline. The types of samples collected in this program are

designed to monitor these patlways.




A number of factors were considered in determining the locations for
collecting environmental samples. The locations for the atmospheric
monitoring statione were determined from a critical pathway analysis based on
weather patterns, dose projections, population distribution, and land use.
Terrestrial sampling stations were selected after reviewing such things as the
locations of dairy animals and gardens in conjuction with the air pathway
analysis. Liquid pathway stations were selected based on dose projections,
water use information, and availability of media such as fish and sediment.
Table A-2 lists the sampling statione and the types of samples collected from
each., Modifications made to the program in 1989 are described in appendix B
and exceptions to the sampling and analysis schedule are presented in
appendix C. To determine the amount of radioactivity in the environment prior

to the operation of SQN, a preoperational environmental radiological

monitoring program was initiated in 1971 and operated until the plant began

operation in 1980, Measurements of the same types of radioactive materials

that are measured currently were assessed during the preoperational phase to

establish normal background levels for various radionuclides in the

environment. This is very important in that during the 1950s, 60s, and 70s,

atmospheric nuclear weapons testing occurred which released radioactive

material to the environment causing fluctuations in the natural background

radiation levels. This radioactive material ie the same type as that produced

in the SQN reactors. Preoperational knowledge of natural radionuclide

patterns in the environment permits a determination, through comparison and

trending analyses, of whether the operation of SQN is impacting the

environment and thus the surrounding population. The determination of impact

during the operating phase also considers the presence of control stations




that have been established in the environment. Results of environmental
samples taken at control stations (far from the plant) are compared with

from indicator stations (near the plant) to establish the extent of SQN

influence.

All samples are analyzed by the radiocanalytical laboratory of TVA's

Environmental Radiological Monitoring and Instrumentation Department located
at the Western Area Radiological Laboratory (WARL) in Muscle Shoals, Alabama.
All analyses are conducted in accordance with written and approved procedures
and are based on accepted methods. A summary of the analysis techniques and

methodology is presented in appendix D. Data tables summarizing the sample

analysis results are presented in appendix H.

The sophisticated radiation detection devices used to determine the

radionuclide content of samples collected in the environment are generally

quite sensitive to small amounts of radioactivity. In the field of radiation

measurement, the sensitivity of the measurement process is discussed in terms

of the lower limit of detection (LLD). A description of the nominal LLDs for

the radiocanalytical laboratory is presented in appendix E.

The radioanalytical laboratory employs a comprehensive quality assurance/

quality control program to monitor laboratory performance throughout the

year. The program is intended to detect any problems in the measurement

process as soon as possible so they can be corrected. This program includes

equipment checks to ensure that the complex radiation detection devices are
working properly and the analysis of special samples which are included
alongside routine environmental samples. A complete description of the

program is presented in appendix F.




DIRECT RADIATION MONITORING

Direct radiation levels are measured at a number of stations around the plant
site. These measurements include contributions from cosmic radiation,
radioactivity in the ground, fallout from atmospheric nuclear weapons tests
conducted in the past, and any radioactivity that may be present as a result
of plant operations. Because of the relatively large variations in background
radiation as compared to the small levels from the plant, contributions from

the plant may be difficult to distinguish,

Radiation levels measured in the area around the SQN site in 1989 were

consistent with levels from previous years and with levels measured at other

locations in the region.

Measurement Techniques

Direct radiation measurements are made with thermoluminescent dosimeters

(TLDs). When certain materials are exposed to ionizing radiation, many of the

electrons which become displaced are trapped in the crystalline structure of

the material.

When the material is heated, the electrons are released, along

with a pulse of light. A measurement of the intensity of the light is

directly proportional to the radiation to which the material was exposed,

Materials which display these characteristics are used in the manufacture of

TLDs .

Since 1971 TVA has used a manganese activated calcium fluoride (Ca,F:Mn) TLD

material encased in a glass bulb. The bulb is placed in an energy

compensating shield to rrect for energy dependence of the material.




TLDs are placed approximately 1 meter above the ground, with three TLDs at
each station. Twenty-two stations are located around the plant near the site

boundary, at least one station in each of the 16 sectors. Dosimetere are also

placed at the perimeter and remote air monitoring sites and at 22 additional
stations out to approximately 10 miles from the site. The TLDs are exchanged
every 3 months and read with a Victoreen model 2810 TLD reader. The values
are corrected for gamma response, self-irradiation, and fading, with

individual gamma response calibrations and self-irradiation factors determined

for each TLD. The system meets or exceeds the performance specifications

outlined in Regulatory Guide 4.13 for environmental applications of TLDs.

In 1989, TVA began the process of changing from the Victoreen dosimeter to the

Panasonic Model UD-814 dosimeter. This dosimeter contains four elements

consisting of one lithium borate and three calcium sulfate phosphors. The

calcium sulfate phosphors are shielded by approximately 1000 mg/em’ plastic

and lead to compensate for the over-response of the detector to low energy

radiation. These dosimeters are deployed in the same manner as the bulb

detectors described above. The accumulated exposure on the detectors is read

with a Panasonic Model UD-710A automatic reader interfaced with a Hewlett

Packard Model 9000 computer system. Since the calcium sulfate phosphor 1is

much more sensitive that the lithium borate, the measured exposure is taken as

the median of

the results obtained from the nine calcium sulfate phosphors in

three detectors. The values are corrected for gamma response, system

variations, and transit exposure, with individual gamma response calibrations

for each element. This system also meets or exceeds the performance
specifications outlined in Regulatory Guide 4.13 for environmental

ipplications of TLDs.




Results

For 1989, the results obtained with both the Victoreen and the Panasonic
dosimeters are inciuded in this report. All results are normalized to a
standard quarter (91.25 days or 2190 hours). The stations are grouped
according to che distance from the plant, The first group consists of all
stations withir 1 mile of the plant. The second group lies between 1 and 2
miles, the third group between 2 and & miles, the fourth between 4 and 6
miles, and the fifth group is made up of all stations greater than 6 miles
from the plant, Past data have shown that the results from all stations
greater than 2 miles from the plant are essentially the same. Therefore, for

purposes of this report, all stations 2 miles or less from the plant are

identified as 'onsite" stations and all others are considered "offsite."

Prior to 1976, direct radiation measurements in the environment were made with

less sensitive dosimeters. Consequently, environmental radiation levels

reported in that phase of the preoperational monitoring program exceed current

measurements of background radiation levels. For this reason, data collected

prior to 1976 are not included in this report,

The quarterly gamma radiation levels determined from the TLDs deployed

around

SQN in 1989 are given in table H-1. The rounded average annual exposures are

shown below. For comparison purposes, the average direct radiation

measurements made in the preoperational phase of the monitoring program

also shown,




Annual Average
Direct Radiation Levels
SQN
SAMFE, ____mR/year
A 1989 Preoperational
Victoreen Panasonic __ Average _

Ongite Stations 70 59 79

Offsite Stations 61 51 63

The data in table H-1 indicate that the average quarterly radiation levels at
the SQN onsile stations are approximately 2-3 mR/quarter higher than levels at
the offsite stations, This difference is also noted in the preoperational
phase and in the statione at WBN and other nonoperating TVA nuclear power
plant construction sites where the average levels onsite are generally 2-6
mR/quarter higher than levels offsite. The causes of these differences have
not been isolated; however, it is postulated that the differences are probably
attributable to combinations of influences such as natural variations in
environmental radiation levels, earth-moving activities onsite, and the mass
of concrete employed in the construction of the plant.

Other undetermined

influences may also play a part.

Figure H~1 compares plots of the data from the onsite or site boundary

stations with those from the offsite stations over the period from 1976

through 1989. To reduce the variations present in the data sets, a b-quarter

moving average was constructed for each data set. Figure H-2 presents a trend

plot of the direct radiation levels as defined by the moving averages. The

data follow the same general trend as the raw data, but the curves are

smoothed considerably.




The procedures for the handling and readout of the Panasonic dosimeters and
calculating the exposure from the raw data generated by the dosimeters were
being developed during the year. The data from the Panasonic dosimeters vary

with the exposures calculated from the Victoreen dosimeters by 6 to 20 percent,

All results reported in 1989 are consistent with direct radiation levels
identified at locations which are not influenced by the oyeration of SQN.
There is no indication that SQN operations increased the background radiation

levels normally observed in the areas surrounding the plant.

ol Je



ATMOSPHERIC MONITORING

The atmospheric monitoring network is divided into three groups identified as
local, perimeter, and remcte. Four local air monitoring stations are located
on or adjecent to the plant site in the general areas of greatest wind
frequency. Four perimeter air monitoring stations are located in communities
out to about 10 miles from the plant, and four remote air monitors are located
out to 20 miles. The monitoring program and the locations of monitoring
stations are identified in the tables and figures of appendix A. The remote

stations are used as control or baseline stations.

Results from the analysis of samples in the atmospheric pathway are presented
in tables H-2 and H-3. Radiocactivity levels identified in this reporting
period are consistent with background and radionuclides produced as a result
of fallout from previous nuclear weapons tests. There is no indication of an

increase in atmospheric radioactivity as a result of SQN.

Sample Collection and Analysis

Air particulates are collected by continuously sampling air at a flow rate of
approximately 2 cubic feet per minute (cfm) through a 2-inch Hollingsworth and
Vose LB5211 glass fiber filter., The sampling system consists of a pump, a
magnehelic gauge for measuring the drop in pressure across the system, and a
dry gas meter. This allows an accurate determination of the volume of air
passing through the filter. This system is housed in a building approximately
2 feet by 3 feet by 4 feet. The filter is contained in a sampling head
mounted on the outside of the monitor building. The filter is re~laced every
7 days.
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Each filter is analyzed for gross beta activity about 2 days afrer collection
to allow time for the radon daughters to decay. Every & weeks composites of
the filters from each location are analyred by gamma spectroscopy. On a

quarterly basis, all of the filters from one location ere composited and

analyzed for Sr-89,90,

Gaseous radiolodine is collected using a commercially available cartridge

containing TEDA-impregnated charcoal. This system is designed to collect

iodine in both the elemental form and as organic compounds. The cartridge is

located in the same sampling head as the air particulate filter and is

downstream of the particulate filter., The cartridge is changed at the same

time as the particulate filter and samples the same volume of air. Each

cartridge is analyzed for 1-131. If activity above a specified limit is

detected, a complete gamma spectroscopy analysis is performed.

Rainwater is collected by use of a collection tray attached to the monitor

building. The collection tray is protected from debris by a screen cover., As

water drains from the tray, it is collected in one of two 5-gallon containers

ingide the monitor building, A l-gallon sample i¢ removed from the container

every 4 weeks. Any excess water is discarded. Rainwater samples are held to

be analyzed only if the air particulate samples indicate the presence of

elevated activity levels or if fallout is expected. For example, rainwater

samples were analyzed during the period of fallout following the accident at

Chernobyl. No rainwater samples from SQN were analyzed in this reporting

period.




Results
The results from the analysis of air particulate samples are summarized in
table H-2. Crose beta activity in 1989 was consistent with levels reported in
previous years. The average level at both indicator and control stations was
0.018 pCi/m*., The annual averages of the gross beta activity in air
particulate filters at these stations for the years 1971-1989 are presented in
figure H-3. Increased levels due to fallout from atmospheric nuclear weapons
testing are evident, especially in 1971, 1977, 1978, and 1981, Evidence of a
small increase resulting from the Chernobyl accident can also be seen in

1986, These patterns are consistent with data from monitoring programs

conducted by TVA at nonoperating nuclear power plant construction sites.

Only natural radioactive materials were identified by the monthly gamma
spectral analysis of the air particulate samples. No fission or activation
products were found at levels greater than the LLDs. As shown in table H-3,
lodine-131 was detected in three charcoal canister samples at a level slightly
higher than the nominal LLD. The highest levels reported are 0.022 and 0.023
pCi/m', respectively, for indicator and control stations. These levels are

probably the result of interference from radon daughters in the samples,

«20-




TERRESTRIAL MONITORING

Terrestrial monitoring is accomplished by collecting samples of environmental
media that may transport radiosctive material from the atmosphere to humans.
For example, radioactive material may be deposited on a vegetable garden and
be ingected along with the vegetables or it may be deposited on pasture grass
where dairy cattle are grazing. When the cow ingests the radiocactive
material, some of it is transferred to the milk and consumed by humans who
drink the milk, Therefore, samples of milk, vegetation, soil, and food crops
are collected and analyzed to determine potential impacts from exposure to
this pathway. The results from the analysis of these samples are shown in

tables H-4 through H-~12,

A land use survey is conducted annually to locate milk producing animale and
gardens within a 5-mile radius of the plant. Only one dairy fai~ is located
in this arca; however, three farms with at least one milk producing animal
have been identified within 5 miles of the plant. The dairy and the farms are
considered indicator stations and routinely provide milk or vegetation

samples. The results of the 1989 land use survey are presented in appendix G.

Sample Collection and Analysis

Milk samples are purchased every 2 weeks from the dairy, from two of the farms
within 5 miles of the plant, and from at least one of three control dairies.
These samples are placed on ice for transport to the radiocanalytical
laboratory. A specific analysis for I1-13] and a gamma spectral analysis are

performed on each sample and Sr-89,90 analvsis is performed every 4 weeks.

“2l=



Sampies of vegetation are collected every & weeks for 1-131 analysis. For the
first six months of the year, sam;les were collected from the same locations
as milk samples and from selected air monitoring stations., Samples are
currently collected from the farm with milk producing animals but insufficient
milk to provide a sarvle, and from one control dairy farm. The samples are
collected by cutting or bresking enough vegetation to pruvide between 100 and
200 grams of sample. Care is taken not to include any soil with the
vegetation, The sample is placed in a container with 1650 ml of 0.5 N NaOH
&nd transported back to the radioanalytical laboratory for I1-13] analysis. A
second sample of between 750 and 1000 grams is also collected from each

location. After drying and grinding, this sample is analyzed by gamma

spectroscopy. Once each quarter, the sample is ashed after the gamma analysis

is completed and analyzed for Sr-89,90,

Soil samples are collected annually from the air monitoring locations., The

samples are collected with either a "cookie cutter" or an auger type sampler,

After drying and grinding, the sample is analyzed by gamma spectroscopy. When

the gamma analysis is complete, the sample is ashed and analyzed for Sr-89,90,

Samples representative of food crops raised in the area near the plant are

obtained from individual gardens, corner markets, or cooperatives. Types of

foods may vary from year to year as a result of changes in the local vegetable

gardens. In 1989 samples of cabbage, corn, green beans, potatoes, and

tomatoes were collected from local vegetable gardens. In addition, samples of

apples were also obtained from the area.




The edible portion of each sample is prepared as if it were to be eaten and is

analyzed by gamma spectroscopy. After drying, grinding, and ashing, the

sample is analyzed for gross beta activity,

Results
The results from the analysis of milk samples ar presented in table H-4, No
radioactivity which could be attributed to SQN was identified. All 1-131
results were less than the established nominal LLD of 0.2 pCi/liter.
Cesium-137 was identified in five sampies at a level slightly higher than the
LLD, Strontium-90 was found in less than half of the samplee. These levels
are consistent with concentrations measured in samples collected prior to
plant operation and with concentrations reported in milk as a result of
fallout from atmospheric nuclear weapons tests (reference 1). The average
Sr-90 concentration reported from indicator stations was 9.5 pCi/liter. An
average of 2.4 pCi/liter was identified in samples from control stations. By
far the predominant isotope reported in milk samples was the naturally
occurring K-40. An average of approximately 1300 pCi/liter of K-40 was

identified in all milk samples.

As has been noted in this series of reports for previous years, the levels of
§r=90 in milk samples from farms producing milk for private consumption only
are up to six times the levels found in milk from commercial dairy farms.
Samples of feed and water supplied to the animals were analyzed in 1979 in an
effort to determine the source of the strontium., Analyeis of dried hay
samples indicated levels of Sr-90 slightly higher than those encountered in
routine vegetation samples. Analyeis of pond water indicated no significant
strontium activity,
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This phenomenon was observed during the preoperational radiociogical monitoring
near SQN and near the Bellefonte Nuclear Plant (under conmstruction) at farms
where culy une or two cows wers being milked for private consumption of the
milk. It is postulated that the feeding practices of these small farms qiffer
from those of the larger dairy farmers to the extent that fallout from
atmospheric nuclear weapons testing may be more concentrated in these
instances. Similarly, Hansen, et al. (reference 4), reported an inverse
relationship between the levels of Sr-90 in milk and the quality of

fertilization and land management.

Results from the analysis of vegetation samples (table H-5) were similar to

those reported for milk., Eleven samples had an 1-131 value slightly higher

than the nominal LLD. The average concentration at indicator stations was 4.8

pCi/kg while the average at control stations was 4.9 pCi/kg. Cesium-137 was

identified at two stations at an average concentration of 36.2 pCi/kg. N

0

cesium was found in samples from the control stations. Strontium-90 levels

averaged 111 pCi/kg from indicator stations and 62 oCi/kg from control

stations., Again, the largest concentrations identified were for the naturally

occurring isotopes K-40 and Be-7,

The only fission or activation products identified in s0il samples were Cs-137

(identified in all 13 samples) and Sr-90 (identified in one sample). The

maximum concentration of Cs-137 was 1.08 pCi/g and the Sr-90 concentration was

0.3 pCi/g. These values are consistent with levels previously reported from

fallout. All other radionuclides reported were naturally occurring isotopes

(table H~6).




With the exception of 7.6 pCi/kg of Cs-137 identified in one sample of
potatoes, all radionuclides reported in food samplec were naturally
occurring., The maximum K-40 value was 3500 pCi/kg in potatoes. Gross beta
concentrations for all indicator samnples were consistent with the control
values. Analysis of these samples indicated no contribution from plant

activities. The results are reported in tables H-7 through H-12.
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AQUATIC W NITORING

Potential exposures from the liquid pathway can occur from drinking water,
ingestion of edible fish and clams, or from direct radiation exposure from
radioactive materials deposited in the river sediment. The aquatic monitoring
program includes the collection of samples of river (reservoir) water,
groundwater, drinking water supplies, fish, Asiatic clams, and bottom and
shoreline sediment. Samples from the reservoir are collected both upstream

and downstream from the plant,

Results from the analysis of aquatic samples are presented in tables H-13
through H-22., Radioactivity levels in water, fish, and clams were consistent

with background and/or fallout levels previously reported. The presence of

Co~60 and Cs~137 was identified in some samples; however, the projected

exposure to the public is negligible.

Sample Collection and Analysis

Samples of surface water are collected from the Tennessee River using

automatic sampling pumps from two downstream stations and one upstream

station., A timer turns on the pump at least once every 2 hours. The line is

flushed and a sample collected into a wmposite jug. A l-gallon sample is

removed from the composite jug at 4L-we intervals and the remaining water in

the jug is Qiscarded.

The composite sample is analyzed by gamma spectroscopy

and for gross beta activity, A Quarterly composite sample is analyzed for

Sr-89,90 and tritium.




Samples are also collected by an autonstic sampling pump at the first
downstream drinking water intake. These samples are collected in the same
manner as the surface water sampies. These monthly samples are analyzed by
ganma spectroscopy and for gross beta activity, At other selected locations,
grab samples are collected from drinking water systems which use the Tennessee
River as their source. These samples are analyzed every 4 weeks by gamma
spectroscopy and for gross beta activity., A quarterly composite sample from
each station is analyzed for Sr-89,90 and tritium. The sample collected by
the automatic pumping device is taken directly from the river at the intake
structure. Since the sample at this point is raw water, not water processed
through the water treatment plant, the cuntrol sample should also be
unprocessed water. Therefore, the upstream surface water sample is also

considered as a control sample for drinking water.

Groundwater is sampled from an onsite well and from a private well in an area
unaffected by SQN. The samples are composited by location quarterly and

analyzed by gamma spectroscopy and for gross beta activity and tritium content.

Samples of commercial and game fish species are collected semiannually from
each of three reservoirs: the reservoir on which the plant is located
(Chickamauga Reservoir), the upstream reservoir (Watts Bar Reservoir), and the
downstream reservoir (Nickajack Reservoir). The samples are collected using a
combination of netting techniques and electrofishing. Most of the fish are
filleted, but one group is processed whole for analysis. After drying avd
grinding, the samples are analyzed by gamma spectroscopy. When the gamma

analysis is completed, the sample is ashed and analyzed for gross beta

activity.
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Bottom and shoreline sediment is collected semiannually from selected
reservoir locations using a dredging apparatus. The samples are dried and

ground and analyzed by gamma spectroscopy. After this analysis is complete,

the samples are ashed and analyzed for Sr-89,90.

Samples of Asiatic clams are collected semiannually from three of the the same
locations as the bottom sediment. The clams are usually collected in the
dredging process with the sediment. However, at timee the clams are difficult
to find. Approximately 50 grams of wet flesh are required for analysis.
During this period, sufficient quantities of clams were found at only one

station. The flesh is separated from the shells, and the dried flesh samples

are analyzed by gamma spectroscopy.

Results

Gross beta activity was present in most surface water sampleg. Concentrations

in downstream samples averaged 2.6 pCi/L while the upetream samples averaged

2.7 pCi/L. Concentrations of all gamma emitting fission and activation

products were all less than the respective LLDs. The positive identification

of Sr-89 at levels near the "LD is typically a result of artifacts in the

calculational process. A trend plot of the gross beta activity in surface

water samples from 1971 through 1989 is presented in figure H-4, A summary

table of the results is shown in table H-13.




No fission or sctivation products were identified in drinking water samples.
As noted above, the positive identification of Sr-89 at levels near the LLD is
typically a result of artifacts in the calculational process. Average gross
beta activity was 2.4 pCi/liter at the downstream stations and 2.8 pCi/liter
at the control stations. The results are shown in table H-14 and a trend plot
of the gross beta activity in drinking water from 1971 to the present is

presented in figure H-5.

The only fission or activation product identified in ground water was tritium,
at a concentration of 379 pCi/liter. The average gross beta concentration in
samples from the onsite well was 3.3 pCi/liter, while the average from the

offsite well was 5.4 pCi/liter. The results are presented in table H-15,

Cesium-137 was identified in 5 fish samples. The downstream samples contained
a maximum of 0.10 pCi/g, while the upstream sample had a maximum of 0,21
pCi/g. Other radioisotopes found in fish were naturally occurring with the
most notable being K~40. The concentrations of K40 ranged from 4.0 pCi/g to
17.2 pCi/g. These results, which are summarized in tables H-16, H~17, H-18,
and H-19, indicate that the Cs-137 activity is probably a result of fallout or

other upstream effluents rather than activities at SQN.

Radionuclides of the types produced by nuclear power plant operations were
identified in sediment samples. The materials identified were Cs-137 and
Co-60. In bottom sediment samples the average levels of Cs~137 were 0.91
pCi/g in downstream samples and 0.97 pCi/g upstream. In shoreline sediment,

Cs-137 levels were 0.07 and 0.02 pCi/g, respectively, in downstream and



upstream samples. These values are consistent with previously identified

fallou: levels; therefore, they are probably not a result of SQN operations.

In bettom sediment, Co~60 concentrations in downstream samples averaged 0,10
pCi/g, while concentrations upstream averuged 0.05 pCi/g. The maximum
concentrations were 0.20 and 0,06 pCi/g, respectively. A realistic assessment
of

he impact to the general public from this activity produces a negligible

dose equivalent. Results from the analysis of bottom sediment samples are

shown in table H-20.

Co~60 was identified in two shoreline sediment samples. A maximum

concentration of 0.03 pCi/g was found in a downstream station. This is less

than the Co-60 levels found in upstream bottom sediment samples, indicating no

impact from SQN. Results from the analysis of shoreline sediment samples are

shown in table H-21.

As noted above, clam samples were available from only one station, All

fission and activation products were below the lower limits of detection. The

analysis of this sample is documented in table H-22.




ASSESSMENT AND EVALUATION

Potential doses to the public are estimated from measured effluents using
computer models. These models were developed by TVA and are based on guidance
provided by the NRC in Regulatory Guide 1.109 for determining the potential
dose to individuals and populations living in the vicinity of the plant. The
doses calculated are a representation of the dose to & "maximum exposed
individual." BSome of the factors used in these calculations (such as

ingestion rates) are maximum expected values which will tend to overestimate

the dose to this "maximum" person., In reality, the expected dose to actual

individuals is lower.

The area around the plant is analyzed to determine the pathways through which

the public may receive an exposure. As indicated in figure 2, the two major

ways by which radiocactivity is introduced into the environment are through

liquid and gaseous effluents.

For liquid effluents, the public can be exposed to radiation from three

sources: drinking water from the Tennessee River, eating fish caught in the

lennessee River, and direct exposure to radiocactive material due to activities

on the banks of tne river (recreational activities). Data used to determine

these doses are based on guidance given by the NRC for maximum ingestion

rates, exposure times, and distribution of the material in the river.

Whenever possible, data used in the dose calculation are based on specific

conditions for the SQN area.




For gaseous effluents, the public can be exposed to radiastion from several
sources: direct radistion from the radicactivity in the air, direct radiation
from radioactivity deposited on the ground, inhalation of radiocactivity in the
air, ingestion of vegetation which contains radioactivity deposited from the
atmosphere, and ingestion of milk or meat from animals which consumed
vegetation containing deposited radiocactivity, The concentrations of
radioactivity in the air and the soil are estimated by computer models which
use the actusl meteorological conditions to determine the distribution of the

effluents in the atmosphere. Again, as many of the parameters as possible are

based on actual site specific data.

Results

The estimated doses to the maxizum exposed individual due to radiocactivity

released from SQN in 1989 are presented in table 2. These estimates were made

using the measured concentrations of the liquid and gaseous effluents. Also

shown are the regulatory limite for these doses and a comparison between the

calculated dose and the corresponding limit. The maximum calculated whole

body dose equivalent from measured liquid effluents as presented in table 2 is

0,009 mrem/year, or 0.3 percent of the limit. The maximum organ dose

equivalent from gaseous effluents is 0.05 mrem/year. This represents less

than 1 percent of the Technical Specification limit. A more complete

description of the effluents released from SQN and the corresponding doses

projected from these effluents can be found in the SQN annual radiclogical

impact reports.




As stated earlier in the report, the estimated increase in radiation dose
equivalent to the general public resulting from the operation of SQN is
trivial when compared to the dose from natural background radiation. The
results from each environmental sample are compared with the concentrations
from the corresponding conirol stations and appropriate preoperational and
background data to determine influences from the plant. During this report
period, Co~60 and Cs~137 wers seen in aquatic media. Cs-137 in sediment is
consistent with fallout levels identified in samples both upstream and
downstream from the plant. Co-60 was identified in sediment samples

downstream from the plant in concentrations which would produce no measurable

increase in the dose to the general public., No increases of radioactivity

attributable to SQN have been seen in water samples.

Dose estimates were made from concentrations of radiocactivity found in samples

of environmental media. Media evaluated include, but are not limited to, air,

milk, food products, drinking water, and fish. Inhalation and ingestion doses

estimated for persons at the indicator locations were essentially identical to

those determined for persons at control stations. Greater than 95 percent of

those doses were contributed by the naturally occurring radionuclide K-40 and

by 8r-90 and Cs-137, which are long-lived radioisotopes found in fallout from

nuclear weapons testing. Concentrations of Sr-%0 and Cs-137 are congistent

with levels measured in TVA's preoperational environmental radiological

monitoring programs.




Conclusions

It is concluded from the above analysis of the environmental sampling results
and from the trend plots presented in appendix H that the exposure to members
of the general public which may have been attributable to SQN is negligible.
The radioactivity reported herein is primarily the result of fallout or

natural background radiation. Any activity which may be present as a result

of plant operations does not represent a significant concribution to the

exposure of members of the public.
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Table )

MA X P NTRAT
F PATIONAL EX R
In Water 5 In Alr
BCIE pCi/n’?
Gross beta 3,000 100
-3 3,000,000 200,000
Cs-137 20,000 500
Ru-103,106 10,000 200
Ce-144 10,000 200
Ir-95 - Nb-95 60,000 1,000
Ba-140 - La-140 20,000 1,000
1-13) 300 100
In-65 100,000 2,000
Mn-54 100,000 1,000
Co-60 30,000 300
Sr-89 3,000 300
Sr-90 300 30
Cr-51 2,000,000 80,000
Cs-134 9,000 400
Co-58 90,000 2,000

*1 pCi = 3.7 x 10”7 Bq.
Source: 10 CFR, Part 20, Appendix B, Table II.
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Type
Total Body

Any Organ

Type

Noble Gas
(Gamma)

Noble Gas
(Beta)

Any Organ

Table 2

Maximum Dose due to Radioactive Effluent Releases

Sequoyah Nuclear Plant
1989
mrem/year

Liquid Effluents

1989 NRC Percent of
Dose Limit NRC Limit
0.009 3 0.3
0.0 10 0.1

Gaseous Effluents

1989 NRC Percent of
Dose Limit NRC Limit
0.33 10 3.3
0.89 20 4.5
0.05 15 0.3

EPA
Limit

25
25

EPA
Limit

25

Perc ent of
EPA Limit

0.04

0.04

Percent of
EPA Limit

1.3

3.6
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APPENDIX A

ENVIRONMENTAL RADIOLOGICAL MONITORING PROGRAM AND
SAMPLING LOCATIONS
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Exposyre Pathway and/or Sample

1. AIRBORNE

a. Particulates

b. Radioiodine

c. Seil

d. Rainwater

2. DIRECT RADIATION

Table A1

SEQUOYAH NUCLEAR PLANT

Environmental Radiological Monitoring Program®

4 samples from locatiens (in
different sectors) at or near the
site boundary (LM 2, 3, 4, and 5)

4 samples from communities
approximately 6-10 miles
distance from the plant
(PM 2,3, 8, and 9)

4 samples from control
locations greater than 10
miles from the plant (RM 1,
2, 3, and 4)

Samples from same location as
air particulates

Samples from same locations as
air particulates

Same locations as air particulate

< or wmure dosimeters (TiDs)
placed at 11 of the air
particulate sampling stations
(IM-3, 1M-2 M5 P2 PM3

Sampling and

Lollectign froquency

Continuous sampler operation
with sample collection once
per 7 days (more frequently
1f required by dust loading)

Continuous sampler operation
with filter collection once
per 7 days

Once per year

Composite sample at least
once per 31 days

Once per 92 days

PM-S, PM-O RM-1 RM-2 BM-3  and RM-4

2 or more dosimeters (TiDs) placed
at each of at least 30 other
iocations

Ix2e and Frequency of Analysis

Analyze for gross beta
radioactivity greater than or
equal to 24 hours following
filter change. P:orform gasma
isotopic analysis on each
sample if gross beta is
greater than 10 times yearly
mean of control sample.
Composite at Teast once per
31 days (by lecation for
gamma scan).

I-131 at least once per 7 days

Gasma scan, Sr-89, Sr-90,
once each year

Analyzed for gamma nuclides
only if ragicactivity in other

media indicates the presence of

increased levels of fallowt

Gamma dose at least once per
92 days



—_Sample locations®™

a. Surface TR™ 497.0
TRM 483.4
T=m 473.2

b. Ground ! sample adjacen’ to plant
(Well No . 6)

! sample from ground water
source upgradient (Farm HW)

€. Drinking | sample at the first potable
surface water supply downstream

from the plant (TR™ 473.90)

1 sampie at the next 2 downstream
potable surface water suppliers
(greater than 10 miles downstream)
(TRM 470.5 and 465.3)

2 samples at control locations
(TRM 497.0 and TRM 503.8)

d. Sediment

@®awn

Shoreline Sediment

§§§ §944%
3 3843

o
~
~

Table A-1

SEQUOYAH NUCLEAR PLANT
Environmental Radiological Menitoring Program”

Sampling and
i Type and Frequency of Analysis

Coliected by automatic Gamma scan of cath commesitz
sequential-type sampler® with sample. Ceompeosite for 5r-89,
composite samples collected Sr-90, and tritiem ana’ ysis at
over 3 period of less than or Teast oncz per 92 days.

equal to 32 days

At least once per 11 days
scan, and tritism anaigsis at
Teast once per 92 days

At Teast once per 97 days Gross beta, gamia scan. and

tritivm analysis at least once

per 92 days

Collected by autematic Gross beta and gamma scan of
sequent ial-type sampler” each composite sample.

with compesite sample colliected Composite for tritiwm, Sr-89,
over 3 period of less than or Sr-98, at least once per 32
equal te 31 days Jays.

Grap sample once per 31 days

Samples collected by sequential-
type sampler® with compesite
sample collected over 3 period
of less than or equal teo 3
days

At least once per 184 days Gamma scan of ecach saep o

At Teast once per 184 days Gamma scan of each samep’ e

Composited for qress deta, gasma
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xposure Pathway and/or Sample
4. INGESTION

a. Mk

b. Fish

¢. Invertebrates

(Asiatic Clams)

Food Products

Table A-1

SEQUOYAH NUCLEAR PLANT
Environmental Radiological Monitoring Program®

— Sample Locatiges®™

! sample from milk producing
animals 1n each of 1-3 areas
indicated by the cow census where
doses are calculated to be
highest (Farms J L H, and WW).

if samples are not available from
amilk animal location, doses to
that area wil! be estimated by
projecting the doses from
concentrations detected in milk
from other sectors or by sampling
vegetation where milk is not
available (Farm EM).

At Teast 1 sample from a control
location (Farms B, €, and/or S)

1 sample each for Nickajack,
Chickamauga, and Watts Bar
Reservoirs

§§§
i

1 sample eact of principal food
products grown at private
gardens and/or farms in the
ymmediate vicinity of the plant.

Sampiing and
ign frequency

At Test once per 15 days

At Yest once per 184 days.
One sample of each of the
following species:

Channel Catfish
Crappie
Smallmouth Buffale

At lTeast once per 184 days

At Teast once per 365 days at
time of harvest. The types of
foods available for sampling will
vary. Following is a Tist of
typical foods which may be
avarlable:

Cabbage and/or lettuce
Corn

Green Beans
Potatoes
Tomatoes

Tspe and Freguency ot Analysis

Gamma isotepic and 1110
analysis of each sample.
Sr-8%. Sr-90, ence per
quarter

Gasma scan on edible pertion

Gamma scan on edible portion

Gamma scan on edible portion
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e,

Vegetation

Table A-1

SEQUOYAN NUCLEAR PLANT
Environmental Radiolegical Monitering Program®

Sampling and
— Sample locations® i

! sample from one lecation of At Teast once per 31 days
milk-producing animals where 2

sample of milk 15 not available

(Farm EM) and from one control

dairy farm (Farm S)

Iype and Frequency of Asalvsiz

I-131 and Gasma scan at jeast
once per 31 days.

Sr-89, Sr-90 analysis

at Teast once per S days.



Table A-2

SEQUOYAH NUCLEAR PLANT

Environmental Radiological Monitoring Program
Sampling Locations

Map Approximate Indicator (1)
Location Distance or

Number * . Station sector  _(miles) _ Control (C)  Samples Collected®

N
SSW
NE
NNE
SW
"
SSW
WSW
SW
NNE
ESE
WNW
NE
: NE
S NNE
'm J WNK
HW NW
EM N
Br SSW
NO. 6 NNE
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(C.F. Industries)
TRM 470.5
(E.1. DuPont)
TRM 465.3
(Chattanooga)
TRM 497 .0
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(Dayton)
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Table A-2

SEQUOYAM NUCLEAR PLANT

Environmental Radiological Monitoring Program
Sampling Locations

(Continved)
Map Approximate Indicator (1)
Location Distance or
_Number® Station Sector (miles) Control (C) |
a5 TRM 425-47) .. .- I F
(Nickajack
Reservoir)
46 TRM 471-530 -- - 1 F
(Chickamauga
Reservolr)
47 TRM 530-602 .- - C F
(Watts Bar
Reservoir)
ag Farm H NE 4.2 1 M, V¢
a. See figures A-1, A-2, and A-3
b. Sample Codes
AP = Alr particulate filter
CF = Charcoal filter
CL = Clams
F = F‘s,‘
M = Milk
PR = Public water
R = Rainwater
S = Sofl
SD = Sediment
SS =« Shoreline sediment
SW = Surface water
V = Vegetation
W = Well water

Vegetation sampling discontinued in July 1989.

A control for well water.

€. Mk producing animal not identi‘ied tn 1988 land use survey - vegetation
sampling continued until July 1949,

f. Distance from plant discharge (TRM 484.5)

g. Surface water sample also used as a contro) for public water.

o
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Table A-3

SEQUOYAH NUCLEAR PLANT

Thermoluminescent Dosimeter (TLD) Locations

Approximate Onsite (On)°®
Map Distance or
Location Number ) (Miles) Offsite (Off)

On

On

On

Off
off
off
Of f
Off
Off
Off
Of f
On

off
Off
Off
off
Off
Off
Off
On

Off
On

-l b wad
— wd T

oo

On
On

On
On
On
On
On
On
On

On
On

2
9
N
B
.6
T
N
7
8
.3
9
.6
m
% .
0
9
|
4
%
4
1
2
2
4
2
9
4
4
4
9
2
6
6
5
7
.6
0
9
9
5

0
2
]
10.
4
12.
'
4
0.
S,
1.
9.
0.
P
4.
0.
0
s
L
8.
1.
4,
1.
4.
0
4.
0.
0.
8.




Table A-3

SEQUOYAH NUCLEAR PLANT

Thermoluminescent Dosimeter (TLD) Locations

Approximate Onsite (On)*®
Map Distance or
Location Number Stati Sector _(Miles) Offsite (Off)

78 HSW
19 WSKW
80 WSKW
81 W
82 W
83

84

85 NW
86 N
87

88

89

off
off
Of f
On
off
On
off
On
off
On
On
off

5

7.
0.
0.
4,
0.
5.
0.
9.
0.
1.
9,

WO WHsBWD —-20

TLDs designated onsite are those located 2 miles or less from the plant.
TLDs designated offsite are those located more than 2 miles from the plant.




Figure A-1

Environmental Radiological Sampling Locations
Within 1 Mile of Plant




Figure A-2

Environmental Radiological Sampling Locations
From 1 to 5 Miles From The Plant
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Figure A-3

Environmental Radiological Sampling Locations
Greater Than 5 Miles From The Plant
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Appendix B

Environmental Radiological Monitoring Program Modification

During 1989 the only modification to the environmental moaitoring program

wag the reduction in the number of locations from which vegetation

samples were taken.

In addition to the air and milk samples collected from the vicinity of

the plant, vegetation (grass) samples have been collected for several
years. The results produced during this time indicate that the air and
milk samples provide an earlier indication of changes in environmental
concentrations than do the vegetation samples. Therefore, vegetation

sampling has been discontinued at all but two stations. Collection of

the other scheduled samples from these stations continues.

See tables A-2 and B-1 for locations no longer sampled.




Table B-1

SEQUOYAH NUCLEAR PLANT

Environmental Radiological Monitoring Program Modifications
1989

Date Station Modification
7/89 LM-2, LM-3, (M-4, Vegetation sampling discontinued
LM-5, RM-4,

Farm J, Farm HW,
Farm C, and Farm Br

-54-
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Appendix C

Misssed Samples and Analyses

During the 1989 sampling period, a fmall number of samples were not
collected and several analyses were not completed on some collected
samples. These occurrences resulted in deviatious from the scheduled
program but not from the program required by the Technical
Specifications. A list of miseed samples and analyses are found in table

C"’lo

The missed samples resulted from equipment malfunction, construction and
repairs in the area of samplers, scarcity of sample media, and sample
unavailability. Some samples were "lost'" or destroyed during analysis as
a result of insufficient chemical recovery during the separation

process. Equipment malfunctions were corrected, repairs completed, and

potential causes for lost or destroyed samples were investigated.




3/28/89

4/26/89

5/30/89

6/20/89
6/27/89

7/18/89
1/25/89
1/26/89
8/1/89

10/3/89

10/10/89

11/28/89
12/12/89

Table C-)

SEQUOYAH NUCLEAR PLANT

Environmental Radiological Monitoring Program

TRM 496.5

TRM 480.8

RM-4

LM-2

Exceptions

1.7 miles WNW

18.9 miles WNW

12.0 miles
upstream

3.7 miles
downstream

18.9 miles WNW

0.8 miles N

0.8 miles N

11.3 miles ESE

0.8 miles N

1.1 miles WNW

__Remarks

Milk samples not collected -
insufficient sample availlable."

Air particulate and charcoal
filters not collected - equipment
fallure

Clam samples not collected -
scarcity of clams prevented
collection of adequate sample

Sample fraction lost during
lodine analysis.

Air particulate and charcoal filter
not cellected - flooding prevented
access to the station.

Air particulate and charcoal filter
not collected - belt broken

Air particulate and charcoa)l filter
not collected ~ power off for
construction in area

Air particulate and charcoal filter
not collected -~ flooding prevented
access to the station.

Milk samples not avallable - cow
“dry."




Table C-1

SEQUOYAH NUCLEAR PLANT

Environmental Radiological Monitoring Program

Exceptions
(Continued)
Date Starion Location Remarks
12/1/89 TRM 496.5 12.0 miles Clam samples collected late -
upstream scarcity of clams prevented
collection of adequate sample
TRM 483.4 1.1 miles
downstream
TRM 480.8 3.7 miles
downstream
12/27/89 TRM 465.3 19.2 miles Sample not avallable - collection
downstream pipe frozen.
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APPENDIX D

All snalyses are performed by the radioanalytical laboratory located
the Western Area Radiological Laboratory facility in Muscle Shoals.
analysis procedures are based on accepted methods. A summary of the

analysis techniques and methodology follows.

The gross beta measurements are made with an automatic low background

counting system., Normal counting times are 50 minutes. Water samples

are prepared by evaporating 500 ml of samples to near dryness,

transfering to a stainless steel planchet and completing the evaporation

process. For solid samples, a specified amount of the sample is packed

into a deep stainless steel planchet. Air particulate filters are

counted directly in a shallow planchet.

The specific analysis of I-131 in milk, water, or vegetation samples is

performed by first isclating and purifying the iodine by radiochemical
separation and then counting the {inal precipitate on a beta-gamma

coincidence counting system. The normal count time is 100 minutes.
the beta-gamma coincidence counting system, background counts are

virtually eliminated and extremely low levels of detection can be

obtained.




After a radiochemical separation, samples analyzed for Sr-86.90 are
counted on a low background beta counting system. The sample is counted
a second time after a 7-day ingrowth period. From the two counts the

Sr-89 and Sr-90 concentrations can be determined.

Water samples are analyzed for tritium content by first distilling a
portion of the sample and then counting by liquid scintillation. A

commerically available scintillation cocktail is used.

Gamma analyses are performed in various counting geometries depending on
the sample type and volume. All gamma counts are obtained with germanium
type detectors interfaced with a computer-based mutlichannel analyzer
system, Spectral data reduction is performed by the computer program

HYPERMET .

The gaseous radioiodine analyses are performed with well-type Nal
detectors interfaced with a single channel analyzer. The system is
calibrated to measure I-131, If activity above a specified limit is

detected, the sample is analyzed by gamma spectroscopy.

All of the necessary efficiency values, weight-efficiency curves, and
geometry tables are established and maintained on each detector and
counting system. A series of daily and periodic quality control checks
are performed to monitor counting instrumentation. System logbooks and
control charts are used to document the results of the quality control

checks.

bl
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Appendix E

Nominal Lower Limits of Detection

Sensitive radiation detection devices can give a signal or reading even
when no radioactivity is present in a sample being analyzed. This signal
may come from trace amounts of radioactivity in the components of the
device, from cosmic rays, from naturally occurring radon, or from machine
noise. Thus, there is always some sort of signal on these sensitive

devices. The signal registered when no activity is present in the sample

is called the background.

The point at which the signal is determined to represent radioactivity in
the sample is called the critical level., This point is based on

statistical analysis of the background readings from any particular

device. However, any sample measured over and over in the same device

will give different readings; some higher than others. The sample should

have some well-defined average reading, but any individual reading will
vary from that average. In order to determine the activity present in a
sample that will produce a reading above the critical level, additional
statistical analysis of the background readings is required. The

hypothetical activity calculated from this analysis is called the lower

limit of detection (LLD). A listing of typical LLD values that a

laboratory publishes is a guide to the sensitivity of the analytical

measurements performed by the laboratory.




Every time an activity is calculated from a sample, the machine
background must be subtracted from the sample signal. For the very low
levels encountered in environmental monitoring, thc sample signals are
often very close to the background. The measuring equipment is being
used at the limit of its capability. For a sample with no measureable
activity, which often happens, about half the time its signal should fall
below the average machine background and half the time it should be above
the background. If a signal above the background is present, the
calculated activity is compared to the calculated LLD to determine if
there is really artivity present or if the number is an artifact of the

way radioactivity is measured.

A number of factors influence the LLD, including sample size, count time,
counting efficiency, chemical processes, radioactive decay factors, and
interfering isotopes encountered in the sample. The most likely values
for these factors have been evaluated for the various analyses performed
in the environmental monitoring program. The nominal LLDs calculated
from these values, in accordance with the methodology prescribed in the

Technical Specifications, are presented in the following table.

The LLDs are also presented in the data tables. For analyses for which

LLDs have not been established, an LLD of zero is assumed in determining

if a result is greater that the LLD.

bl
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Gtross Beta
Tritium
lodine-131
Strontium-89
Strontium-90

Gross Beta
lIodine-131
Strontium-89
Strontium-90

Air Filters
(pCi/m’)

©.002

0.0006
0.0003

HWet Vegetation
(pCi’kg Wet)

140
60

A.

Table E-1
Nominal LLD Values

Radiochemical Procedures

Milk Fish Flesh
(pCi/L) (pCi/q dry)

Charcoal
Filters Water
(pCi/m”) (pCi/L)
1.7
250

.020 1.0
3.0
1.4

Clam Flesh

(pCi/g Dry)

0.2

RN o
ownmnrn
o0
gu

Meat
(pCi/kg Wet)

15

o0

:3:u

Sediment
Whole Fish Food Crops and Soiil
(pCi/g dry) (pCi/kg wet) (pCi/g dry)

9

Q -
wo
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Table £-1

wominal LLD Values
B. Gamma Analyses (Geli)

Air Water Vegetation wWet Seil and foods, Tomatoes Meat and
Particulates and Milk and Grain Vegetation Sediment Fish Clam Flesh Potatoes, etc. Poultry

—oli/m3 oLi/L m..mmu._m:cm_mm

Ce-141 .005 10 .07 28 .02 .07 15 10 25
Ce-144 .01 33 .25 100 .06 .25 .50 33 50
Cr-51 .02 45 .45 180 .10 .45 .94 a5 90
I-131 005 10 .09 36 .02 .09 .18 10 20
Ru-103 005 S .05 20 il .05 1 S i5
Ru-106 .02 40 .48 190 .08 .48 .95 49 95
(s-134 005 5 .67 28 0 07 .1n 5 5
Cs=132 .005 5 .06 24 0 .06 .10 5 i5
2r-95 .005 10 1 a4 .02 .n .19 19 25
Nb-95 .00%5 5 .06 24 .0 .06 1 5 15
Co-58 005 5 .05 20 .01 .05 .10 5 15
Mn-~54 . 0065 5 05 26 .o .05 10 5 15
In-65 005 10 N 44 01 .1 21 10 25
Co-60 .005 5 .07 28 0 .07 5 i 5 15
K-40 .04 150 1.00 400 .20 1.00 2.00 159 300
Ba--140 .0 25 .23 92 .05 .23 .47 25 50
La-140 005 8 .1 44 .02 .n 17 8 20
fFe-59 .005 5 .10 40 .0 .1 13 5 15
Be-7 .02 45 .50 200 .10 .50 90 45 100
Pb-212 005 20 .10 40 .02 .10 .25 20 40
Pb-214 .005 20 .20 80 .02 .20 .25 20 a0
Bi-214 005 20 2 48 N4 A2 25 20 a9
Bi-212 53 .40 490 25 .49 53

11-208 .00 7 .03 26 .02 .03 35 7

Ra-224 .30

Ra-226 05

Ac-228 014 25 .10 B0 10 10 1.00 22 22
Pa-234m 700 3.00
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Appendix F

Quality Assurance/Quality Control Program

A thorough quality assurance program is employed by the laboratory to

ensure that the environmental monitoring data are reliable. This program

includes the use of written, approved procedures in performing the work,
a nonconformance and corrective action tracking system, systematic
internal audits, a complete training and retraining system, audits by

various external organizations, and a laboratory quality control program,

The quality control program employed by the radioanalytical laboratory is

designed to ensure that the sampling and analysis process is working as
o

intended. The program includes equipment checks and the analysis of

special samples along with routine samples.

Radiation detection devices are complex and can be tested in a number of

ways. There are two primary tests which are performed on all devices.

‘n the first type, the device is operated without a sample on the

detector to determine the background count rate. The background counts

are usually low values and are due to machine noise, cosmic rays, or

trace amounts of radioactivity in the materials used to construct the

detector. Charts of background counts are kept and monitored to ensure

that no unusually high or low values are encountered.




In the second test, the device is operated with a known amount of
radioactivity present. The number of counte registered from such a
radioactive standard should be very reproducible. These reproduciblity
checks are also monitored to ensure that they are neither higher nor
lower than expected. When counts from either test fall outside the
expected range, the device is inspected for malfunction or

contamination. It is not placed into service until it is operating

properly.

In addition to these two general checks, other quality control checks are
performed on the variety of detectors used in the laboratory. The exzct
nature of these checks depends on the type of device and the methoé it

uses to detect radiation or store the information obtained.

Quality control samples of a variety of types are used by the laboratory

to answer questions about the performance of the different portions of

the analytical process. These quality control samples may be blanks,

replicate samples, blind samples, or cross-checks.

Blanks are samples which contain no measureable radioactivity or no
activity of the type being measured. Such samples are analyzed to
determine whether there is any contamination of equipment or commercial
laboratory chemicals, cross-contamination in the chemical process, or

interference from isotopes other than the one being measured.




Duplicate samples are generated at random by the same computer program
which schedules the collection of the routine samples. For example, if
the routine program calls for four milk samples every week, on a random
basis each farm might provide an additional sample several times a year.
These duplicate samples are analyzed along with the other routine

samples. They provide information about the variability of radiocactive

content in the various sample media.

There is another kind of replicate sample. From time to time, if enough

sample is available for a particular analysis, the laboratory analyst can

split it into two portions. Such a sample can provide information about

the variability of the analytical process since two identical portions of

material are analyzed side by side.

Analytical knowns are another category of quality control sample. A

known amount of radioactivity is added to a sample medium by the quality

control staff or by the analysts themselves. The analysts are told the

radioactive content of the sample. Whenever possible, the analytical

knowns contain the same amount of radioactivity each time they are run,

[n this way, the analysts have immediate knowledge of the quality of the

measurement process. A portion of these samples are also blanks.

Blind spikes are samples containing radiocactivity which are introduced
into the analysis process disguised as ordinary environmental samples.

The analyst does not know they contain radioactivity. Since the bulk of

the ordinary workload of the environmental laboratory contains no




measureable activity or only naturally occurring radioisotopes, blind
6pikes can be used to test the detection capability of the laboratory or
they can be used to test the data review process. If an analysis
routinely generates numerous zeroes for a pariicular isotope, the
presence of the isotope is brought to the attention of the laboratory
supervisor in the daily review process. Blind spikes test this process
since thev contain radioactivity at levels high enough to be detected,

Furthermore, the activity can be put into such samp’ t the extreme

limit of detection to determine whether or not the laboratory can find

any unusual radioactivity whatsoever.

At present, 5 percent of the laboracory workload is in the category of

internal cross-checks. These samples have a known amount of

radioactivity added and are presented to the analysts labeled as

cross~check samples. This means that the quality control staff knows the

radioactive content or "right answer" but the analysts do not. They are

aware they are being tested. Such samples test the best performance of

the laboratory by determining if the analysts can find the "right

answer." These samples provide information about the accuracy of the

measurement process. Further information is available about the

variability of the process if multiple analyses are requested on the same

sample. Internal cross-checks can also tell if there is a difference in

performance between two analysts. Like blind spikes or analytical

knowns, these samples can also be spiked with low levels of activity to

test detection limits.




A series of cross~-checks is produced by the EPA in Las Vegas. These
interlaboratory comparison samples or "EPA cross-checks" are considered
to be the primary indicator of laboratory performance. They provide an
independent check of the entire measurement process that cannot be easily
provided by the laboratory itself. That is, unlike internal
cross~checks, EPA cross-checks test the calibration of the laboratory
detection devices since different radioactive standards produced by
individuals outside TVA are used in the cross-checks. The results of the
analysis of these samples are reported back to EPA which then issues a
report of all the results of all participants. These reports are
examined very closely by laboratory supervisory and quality control
personnel. They indicate how well the laboratory is doing compared to
others across the nation. Like internal cross-checks, the EPA
cross-checks provide information to the laboratory about the precision
and accuracy of the radioanalytical work it does. The results of TVA's

participation in the EPA Interlaboratory Comparison Program are presented

in table F-1.

TVA splits certain environmental samples with laboratories operated by

the States of Alabama and Tennessee and the EPA Eastern Environmental
Radiation Facility in Montgomery, Alabama. When radiocactivity has been
present in the environment in measureable quantities, such as following
atmospheric nuclear weapons testing, following the Chernobyl incident, or
as naturally occurring radionuclides, the split samples have provided TVA

with yet another level of information about laboratory performance.




These samples demonstrate performance on actual environmental sample

matrices rather than on the constructed matrices used in cross-check

programs .

All the quality control data are routinely collected, examined, and
reported to laboratory supervisory personnel., They are checked for
trends, problem areas, or other indications that a portion of the
analytical process needs help or improvement. The end result is a
measurement process that provides accurate data and is sensitive enough

to measure the presence of radioactivity far below the levels which could

be harmful to humans.




Table F-1

RESULTS OBTAIWED IN INTERLABORATORY COMPARISON PROGRAN

£. Rir Filter (pCi/Filter)

__Gross Alpha Gross Beta Strontium-90 Cesium-137
EPA Value TVA EPA Value TVA EPA ¥Yalue VA EPA Value
($30) Avg. #30) Avg . (#3c0) AVE. (#30)

21%9 23 6249 65 2022.6 a 20%9
649 9 1049

B. Radiochemical Anzlysis of Water (pCi’L}

Gross Beta Strontium-89 Strontium-90 Tritium Jodine-131
EPA Value TVA EPA Value TVA EPA Value TVA EPA Yalue EPA Value

(#30) Avg. (#30) Avg. ($30) Avg . (230) a 3o

449 2 4049 30P 25¢2.% 23
27582617 106219

45032779

34964630




Barium-133 or
__Chromium-51
EPA Vziue TVA
_(230)

235%42

49+ 9
59210

Strontium-89

Avg .

Table F-1

BESULTS OSBTAINED IS [NTERLABORATOSY CONPARISON PROCRAM (Continued)

__Cobait-60

EPA Value
_(230)

10+9

31%9
3049

Strontium-90

C. Gamma Spectral Amalysis of Hater (pCi/L)

Puthenium- 106

Cesium-134

Eee-45 __
EPA Value TVA
_£23) Avg .

EPA Value TVA
_(230)  Bwg.
159428 159 178231

128423
161428

165429 171
129423 129

D. Hilk (pCisL)

Iodine-131 Cesium-137

EPA Value
(23e)

EPA ¥alue
_(230)

109
2049
20%9

59+9
529

Potassium 40¢ 2

EPA Value TVA
_(230)

19449 24>

avg.

EPA Value TVAa
#30)

5545 53

Avg

EPA Vslue TVA
_(23e)  avg.

S0+9 a9

EPA Value TVA
_(230)  Avg.

EPA Value TVR
(33a) AvVE

1609%139 1633

Cesium-137

TVa
Avg

i1
20
21
59

-




Footnotes for Table F-)

Results Obtained in Interlaboratory Comparison Program

Change in sample matrix resulted in lost analysis - Procedure
revision in progress to accomodate mew matrix

The low strontium result was investigated. A definitive cause for
the 1ow result could not be identified. Further evaluation of the
strontium radiocanalytical procedure continues.

Laboratory Performance Evaluation Study.

Units are milligram of total potassium per liter rather than
picrocuries of K-40 per 1iter.
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Appendix G

Land Use Survey

A land use survey is conducted annually to identify the location of the
nearest milk animal, the nearest residence, and the nearest garden of
greater than 500 square feet producing fresh leafy vegetables in each of
16 meteorologic = sectors within a distance of 5 miles from the plant.
The land use survey also identifies the location of all milk animals and
gardens of greater than 500 square feet producing fresh leafy vegetables

within a distance of 3 miles from the plant.

The land use survey is conducted between April 1 and October 1 using
appropriate techniques such as door-to-door survey, mail survey,
telephone survey, aerial survey, or information from local agricultural

authorities or other reliable sources.

From these data, vadiation doses are projected for individuals living
near the plant, Doses from breathing air (air submersion) are calculated
for the nearest resident ir each sector, while doses from drinking milk
or eating foods produced near the plant are calculated for the areas with
milk producing animals and gardens, respectively. These doses are
calculated using design basis source terms and historical meteorological

data.




In response to the 1989 SQN land use survey, annual doses were calculated
for air submersion, vegetable ingestion, and milk ingestion. The Gasecus
Effluent Liconsing Code was used to preform these calculations. During
1989, this code was revised to update the data used to calculate
ingestion dose factors for use in the code. These revised factors

resulted in some slight changes in the calculated ingestion doses.

Air submersion doses were calculated for the same locations as in 1988,
with the resulting values almost identical to those calculated in 1988.
Doses calculated for irgestion of home-grown foods and milk changed
slightly in some sectors, reflecting the methodology changes noted
above. There were no new locations with milk-producing animals

identified.

Annual doses projected for 1989 were not appreciably different from those
calcvlated for 1988, Tables G-1, G-2, and G-3 show the comparative

calculated doses for 1988 and 1989,




Table G-I

SEQUOYAM NUCLEAR PLANT

Projected Annual Alr Submersion Dose to the Nearest Resident
Within Five Miles of Plant
(mrem/year/reactor)

1988 Survey e 1989 Survey
Approximate Approximate
Distance (Miles) Annual Dose Distance (Miles) Annual Dose

0.8 0.12
? 0.07
0.07
0.03
0.03
0.03
0.03
0.04
0.05
(“ ‘t(»
0.04
0.08
0.08
0.02
0.03
0.12

0.12
0.07
0.07
0.03
0.03
0.03
0.03
0.04
0.

0.1%
0.

0.08
0.08
0.02
0.
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ENE
£
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SE
SSE
)
SSK
SW
WSW
W
WNW
NKW
NNW

(mrem/year/reactor)
1968 Survev
Approximste . - 11 Dose proximate nnual Dose

Sector Distance (Miles) (Bone) Distance (Miles) (Bone)
1.1 2.25 1.1 2.4)

1.9 1.45 1.9 1.56

1.4 2.03 1.4 2.18

1.6 0.73 1.6 0.78

a - a -

1.1 0.68 1.1 0.73

2.0 0.35 2.0 0.37

1.2 1.1 1.2 1.19

1.5 1.53 1.5 1.64

1.7 3.08 1.7 3.27

2.1 1.04 2.1 1.1

0.9 1.55 0.9 1.67

1.2 0.83 1.2 0.89

s 0.61 1.2 0.65

0.9 1.10 0.9 1.18

0.6 2.88 0.6 3.08

Table G-2

SEQUOYAN NUCLEAR PLANT

Projected Annual Dose to Child's Critical Organ from

Ingestion of Home-Grown Foods

No garden was fdentified in this sector whithin 5 miles of the plant.

-81-



Table G-3

SEQUOYAM NUCLEAR PLANT

Projected Annual Dose to Receptor Thyroid from Ingestion of Milk
(Nearest M1k Producing Animal Within Five Miles of Plant)
(mrem/year/reactor)

Approximate Distance __Annua) Dose
Location No. Sector (Miles)* 1988 1989

Farm EM" N 2.6 0.04 0.04
Farm K NE 2 0.02
Farm J° g 0. 0 03

Farm MK ‘ : 0.06

Distances measured to nearest property line
vegetation sampled at this location
Milk sampled at this location
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DIRECT RADIATION

Average Fxternal Gamma Radiation Level ¢t Various Distances from
Seguovah Nuclear Plant for Fad OQuarter - 1989

mR /Quar ter”®

erage External Gamma Radiation Levels®
(May-Jul 49) jrd Quarter (Aug-Oct :
Panasonit Victoreen  Panason Victoreen

— T ath Quarter (Mov 39-Jan 90
Panasoniq

reen Panasoni

16.5 ] 17.5§5 ) 19 2 15.6

Averaogs

reater

than

s miles

(cffsite) 16.0

Data normalized to one guarter (2190 hours
Averages of the individual measurements in "he set «1 standard deviation

of thﬂ \Dt.




Table H-3
- VALLE 2RIV
i OeICAaL CONTRC
ICAL MONITORING AND '
: FoN AFTY BADIOLDGTIIA ac
JIRONMENTAL MONITORING REPORT
CTIVITY N AW FILYEP
0 637 BH.™2

TYPFE AND LOWE L. 151

TOTAL NUMBER . INDICATOR LOCATIONS LOCATION
OF ANALYSIS DETECTION MEAN (F
PERFORMED LLD) B anNCE DISTanCE
SEE WNOTE 1 SEE NOTE

GROSS BETA

HARRISON, TN
8 75 MILES 558

104 _"- ¥ 3 BANE BE(
2SE-01 S S5w
104) BAaMNK B2 C
2HE-03- 1 18E-Q2 - sow
BRE-03¢ S/ 19¢)
6 S0E-03 1 19E-02 mILES W

NOMINAL LOWEP LIMIT OF DETECTION (LLD) AS DESCRIBED IN TABLE £-!
MEAN AND RANGE BASED UPON DETECTABLE MEASURENENTES ONLY FRACTION OF DE

DETECTABLE MEASUREMENTS AT SFECIF
LOCATIONS 1S INDICATED IN PARENTHESES (F)




CEQUOYAN NUCLE
HAMILTON 15 NNE

TYPE AND LOWER LImIY
TOTAL NUMBER oF
IF AMALYSIC PETECTION
PERFORMED LLD

SEE NOTE

HOMINAL LOUER LINIY

OF DETECTION "
MEAN AND RANGE BRASED

DETECTABLE MEASUREMENTS
LOCATIONS 1S INDICATED IN PARENTHESES 1F)

UPON DETECTABLE MEASUREMENTS

Table H-¢

LLEY A .

0 OCICAL CONTROD
‘A_ mMONITOR ING ANT NESTRPUNCNTAT ]
EA RADIOLOGCICA AEORATORY
HONITOR ING REPORT ING
PADIOACTIVITY IN

I~

C YT TEM
“HARCOA FILTES
PCI/M3 - © 637 BO/™

DOCEET N0
EEFOET ING

LOCATION HITH NMIgNEESY
NamE
DISTANCE AND DIRECTION

ANNIIAL  E AN

mEAN (F)
TANGE

EE NMOTE e

DAISY ™

> .9 MILES ©

Lo

AS DESCRIBED IN TABLE E-?

omL Y FRACT ION OF

AT

SPECIF IED




Table H-4
TENNRE SSEE RLLE a «NF
RADIQLOGICAL CONTRD
INMENTAL PADICLOGCICAL MONITORING AND INSTRUMENT
WVECSTERN AREA SADIOLOGICA LABORATORY
ENVIRONMENTAL MONITORING JEPORTING SYETEm
RPADICACTIVITY IN MILK
PCIZ g 037 BOQt

S0-327.32®

NANE OF FACILITY SEGUOYAN NUCLEAR P oCwe
ATION OF FACILITY HAMILTON TENNESSEE ’ PERIOD 1989

TYPE AND LOVER LIMITY ALL COmMTROL eEn o
TOTAL NUMBER oF INDICATOR LOCATIONS LOCATION UITH HISCHEST ANNUAL NEAN LOCATIONS NONROL  ITNE
OF ANALYSIS DETECTION MEAN (F NAMC MEAKR (F) NEAN (F) REPOBTED

PERFORMED (LLp? #ANGE DISTANCE AND DIRECTION TANCE RANCE MEASUREMENTS

SEE NOTE 1 SEE NOTE SEE NOTE 2 SEE WNOTE 2

ICDINE-T 3
T4 VALUES VALUES
GCAMMA SCAN (CELTS
TS VALVES LLD JORES FAR™ 23 VALUES LLD 3 OCEsO 1 ' 65)
1 25 MILES W 3 02E+01- 3 OZE+M
3 20E+01¢ e/ 7S) HOLDER DAIRY 3 FTE01 1/ 28 4 ITEeO T/ 8%
2 48E+01- 3 92E+O01 & 2€ RILES NE 3 S2E+01- 3 2E.M £ 93E+01- & SBEsM
Q0E+00 S 90E+00¢ S/ TS H UALKER FaPm & I8E+00¢ 3/ 26) 65 VALUES ¢ LLP
S 23E+00- T 20E+00 1 2 MILES W S 89E+00- T 20£+00
S9E~02 1 _3JE+031 T3/ 7S] HOLDEFR DAIRY 1 S0E+23¢ 26 26 1T EFE+D3M 65/
9 18E+02- 1 63E+03 4 25 MILES NE 19E+03- 1 £3E+03 4 IIE+02- ' SBE+OY
4 SIE+01 1 &/ &%)
> K4E+01- T 14«0

AC-228

BI-214

§S)

L
00E+0 7S VALUES ¢ LLD JONES FARW 23 VALUES ¢« LiLP
1 25 MILES W 2

S 12E+00¢ 1/ 111 JONES FARM S 12E+00¢« 3 TIE+00¢

S 12E+900- S 12E+00 1 25 MILES ® € 12E+00-

11) W UALKER FAR® ! J0E+011 4 2 JEE+001¢

00E+00 9 4BE+001 19/
TILES W 3 TIE«00- 2 43E+M 2 03ZE+90-

2 29E+90- 2 43E+01 ' 25

NOMINAL LOWER LIMIY OF DETECTION ILLD) AS DESCRIPED IN TARLE C-)
MEAN AND RANGE BASED UPON DETECTABLE MEASUREMENTS OMNLY FRACTION
LOCATIONS 1S INDICATED IN PARENTHESES (F)

OF DETECTABLE MEASUREMENTS AT




Table H-5

TENNS TSFES a § a

PADIOLOGICA cfomTe
MONITORING AND INSTRUMENTAT ION
By

IRON™ENTA )t 06 TCAL PEFY
ECSTERN ARFA RADICLOGICAL AROEAT
ENVIRONMENTAL MONITORING REFQORTING rETEM™
PADICACTIVITY IN UEY VECETATION
-

PC1 K6 o 037 BOG/KE (WET W

CEQUDYAM
HAMILTON

CONTROL NUMBES OF
TOTA NUMBER ' JAL LOCATION SONROUT INE
OF ANALYSIS NAME E AN F REPORTED
PERFORMED LLD? - DISTANCE AND DIRECTION RANGE AT REMENTT
SEE NOTE 2

TYFE AND
ICATION UITH HIGNE

HOLDER DATRY S SEE+00¢ 1 71 4 BEE+001 193

4 2% MILES

NE S B6E+00- S 86E-00 4 18E+00- & 1ZE+0%

SAMMA SCAN (GEl

AC-22% 8 00+ 9 Q2E+011 c/ 59 FDCAR MALONE Famwm 7 88+ L ™ 2S¢ vaLUES
8 1T7E+0 S BEE.O 2 & MILES N 9 B9E+01- 9 BBEe0

e
90E+ 02 3 2SE+031 67/ 69) LRM-S UARE POINT S 0SE+03¢ &/ Ti & 69E+073¢
2. 30E+0C 1 S5E+04

1 7 MILES NNE & TOE+02- 1 9GE+04  GAE+02
Eo0E+0 € 12E+01¢ = 691 FDGAR MALONE FAR™ S 32€+011 L L\ 3 20 VALUES
& S0E+01- S 3I2E+01 2. S MILES ™ € I2E+01- 5 32E+01
20€E+01 3 62E+01 1 2/ £9) JONES FARN 2 18E+01¢ 1/ T3 20 VALUES
3 OTE+01- & 18E+01 1 25 MILES W 4 18E+01- 4 18E+01
D0E+02 S 3I2E+03( 69/ £9) LM-S UARE POINT 6 2TE+031 T/ TV S 1TE+03¢ 20
6 TIE+02- S GSE+03

T 7 MILES NNE 3 12E+03- B 68E+03 8 ATE+92- 1 06E+0a
00E+01 4 6TEs01 e £9) EDGAR MALONE FARm 4 ETE+O1 1 27 133

4 Z2E+0 1 gs o)
4 41E+D 4 S2F+0 2 5 MILES N 4 RIE+D1- 4 S2E+M 4 18E+01- 4 26E+M

40E+02 20 VALUES £ VALUES <« LLD

67

M UALNER FaRm T _BSEsQ2¢ 27 27 6 19E+»011
& 19C+01

00E~+0? 1 11E+02¢ )
0z 1 25 MILES W 1 4TE«02- 2 23E+02 & 19E+D

& SOE+0- 3E

NOMINAL LOWER LIMIYT OF DETECTION (LLD) AS DESCRISED IN TABLE E-1
MEAN AMD RANCE BASED UPON DETECTABLE WEASUREMENTS ONLY FRACTION OF DETECTABLE MEASUREMENTS AT SPECIFIFD

LOCATIONS IS INDICATED IN PARENTHESES (F)




Table H-6
i 4 £ -r‘," -
RADLIOLOGICAL CONTRO
INDLOCICAL MONITORING AND INSTRUMENT A
UESTERN AREA RADIOLOGCICAL LABSORATORY

B

R E ]

ENVIRONMENTAL MONITORING REFORT ING
RADIOACTIVITY IN SOIL
PCI/CM - 0 037 BO/C (DRY UEISNT)

KET NO S0-327. 328

OF FACILITY SEQUOTAM NUCLEAR FLANT
IRTING PERTOD 1989

ION OF FACILITY HAMILTON TENNECSEE

oC
£P

CONTROL NUMBES OF

NONROUT INE

(F PEPORTED
FEACUREMENT

TYPE AND
TOTAL NUMERER
OF ANAL SIS

PERF ORMED ' DISTANCE AND
SEE NOTE SEE WNOTE 2

ICATION WUITH HIGHEST ANNUAL MEAN LOCATIONS
NAamE MEAN (F) mE AN

IRECTION SANGE P AaNGE

GCAMMA SCAN

8 ) LM-3 15T TN BANK C ! S3E+00: 1 LB S 00E-01 ¢
& 46E-01 1 43E«00 1 S MILES SSW 1 43E+00- 4IE+00 6 JE-01-
1 _BSE-0 ¢ 3/ 8) LM-T YARE POINT g SSE-01¢ v/ LB t SSE-o

1 338-01- 2 S2E-01 1.7 MILES NNE 2 S2E-0 e S2E-0 1 32601~
8/ 8 LM-3 1ST TN BANK 1 AGE+D0! 17 L 8 YTE~-Or 1
SSw 1 46E+00- 46E+00 S TeE-01
&I1IE-011 1/ " 6 SBE-0Y1

AL -228 ! DOE-01 ! DSE«DO

i
™
*
- B

-

SO0E-01 1 11E+001 8
T . 22€-M 1 46E+00 1 § MILES
00E-02 T 62E-011 3s 8) im-3 15T TN BANX 5
3 94E-07'- 9 S1E-D t S MILES SSw 9 61E-0? 9 61E-01 € 46E-01- 8 32E
S S3E-0 8/ 8) LM-e SKULL ISLAND 08E+00 v/ L g 6TE-0t ¢ S”
1 0BE+00 08E+ 00 6 SSE-02- S

- -

rNavavnanenm

GOE-02

S OTE-02- 1 _08E+00 1 5 MILES NE
90E-0" S S6E+00¢ 8/ 8) LMZ NORTHMEAST 20E 014 1/ 1) 6 IIE00¢ 2
I 11€+00- 1 20E+01 0 75 MILES N 1 20E+01- 1 20E+0 2 A2E+00- 2 04E+

00E+CO 2 VALUE LLD COUNTY PARK, "N 1 VALUES LLD 3 18E+001 Vs S
3 75 MILES S

3 18E+*00- 3 18E+00

9 A9E-011 87 8: L™M-T 1ST TN BANK 1 32E+60¢ 1/ 1Y 8 S1E-01 ¢ s/ s}

6 10E-0 1 32E+90 1t S MILES SSW 1 32E300- ' 32E+00 6 3I3E-01- Y 29E+00

8 ISE-01¢ 8/ 81 LE-T 15T TN BANK RE 1 O2E+001¢ 1 1) T 0%E-011 </ s)

4 J4E-01 1 02€E+09 t § mMILES SSu 1 82€+00- 1| 02E+00 S 62€E-01- 8B 99E-0"

1 _0BE+001 6/ 8! LW-S UARE FOINT 4SE«00¢ L 1) B 44E-011¢ 4/ s}
6 c2E-0 1

4SE+ 00 1 7 WILES NRE ! 4SE+00-~ ' 4SE+CO & T9E-0t- 9 S3IE-01

7 6ZE-01 1 8s 8) LM-T IST TN BANK REC 9 61E-01( LR & SHE-O! S/ s
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3 30E-011 8/ 8) LM-3 1IST TN BANK
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NOMINAL LOUER LIMIT OF DETECTION (LLD) AS DESCRIBED IN TABLE E-1
MEAN AND RANGE BASED UPON DETECTABLE MEASUREMENTS OMNLY FRACTION OF DETECTABLE WEASURERENTS AT SPECIFIED

LOCATIONS IS5 INDICATED IN PARENTHESES (F)

1,
L4




NAME OF FAaC!
. g

ATION OF Fa 177 il

TYPE AND
TOTAL NUMBER
OF ANALYSIS

PERFORMED

NOMINAL LOWER LIMIY

LOCATIONS IS INDICATED

e

OF DETECTION (LLD?
MEAN AND RANGCE BASED UPON DETECTABLE MEASUREMENTS ONLY
IN PARENTHESES

Tabie B

TERNE SSEF va -
FACTIOLOGCICAL
PADIOLOGICML
VESTERN AREA RADIOL
ENVIRONMENTAL MONITORING
RADICACTIVITYY
PCI/KE B 037 BO/%G

SEQUOYTAM NUCLES

LOCATION UITH
NAME

DISTANCE AND DI

H UALKER FARM

MILES N

s 2=

H UALKEE FaRm
1TE+02 1 25 MILES W

AS DESCRIBED IN

tF

MOMNITOR ING
ICAL LAE
REPORT ING
IN APPLES

UET WY

ONTROL

anD

TITON

TRABLE E-1
FRACTION OF DETECTABLE NMEASUSEMENTS AT

INCSTRUPENTAT

WATOR y
SYSTEM

OUOCKET
REFPORTING PERICD

ANNUAL

~NT

- aN

MEAN (F)

EancE
SFE NOTE

i S4E+0 3¢

1. .S4E+*03-

9 1TE+021
S 1TE~02~

-

3 .
S4E+03

L B
% 1TE+02

so-327
1989

CONTROL
LOCAT I ONS

ze

NEAN (F)

R ANGE
SEE NOTE

1 SPE~8T3

! SOE+03-

& B6E+22¢
6 88E~02-

SPECIFTIED

NumBL R OF
NOMER T ITNE




TYPE

Tabie H-8

- 3 ’ . -

RADIV.OCICAL ™MONE
AFEA ®RaD!
JIRONMENTAL MOMNITY

RADIDACTIVITY

UESTERN

AND JER LIMIT
NUMBE R o LOCATION
s JETECTION
LLD? GE DISTANCE &
E NOTE

SOE+0Z BLE+0O3

1 66E+03- 1

NOMINAL LOUER | OF
MEAN AND RANGE UfF ON
LOCATIONS 1S 1 ED In

JEYZCTION (LoD ac
DETFCTARLE MEASUREMENTS

VARENTHESES (F)

DESCRIRED IN
ONL Y

ALUTHOP 1Y
NTE Oy
TORING AND

OLOGTICAL

INSTRUMENTAT I
LABRORATOR ¥

©ING REPORTING SYSTEM

N CABBACE

BO/RE VET UT)

JITH - e
AME

ND DIRECTION

HIGHEST ANNUAL
"EAN
RANGE

SEE NOTE

] UALKER FARM
65E+03 1

25 MILES W

TAPLE E-1
ERACTION OF

CONTROL
LOCATIUNS
MEAN (F
TaNCE
SEE NOTE

41F+03
41E+03

ZFTE+063 '
T ZTE+93~ 1 ETE+03

MEASUREVENTS AT SPECIFI

NUNBER OF




Arel

NUNBE R

Table H-S
TELNE - L33 AL L -
PADIOLOGICA ONTRD
FADIOLOGICAL MONITORING AN
UECTERN AREA RADIOLOGICA
ENVIRBONMENTAL MONITORING REFORT
RADIOACTIVITY IN COWN

PCI/¥GC @ 037 RO/K. (JET

TEON™MENTA

NUCLEAR PLANT
TENNESSEE

SEQUO YA
HAaM L TN

ANNUAL WEAN
MEAN (F
FANGE
SEE NOTE

OCATION UITh =IONESY
N anE
AND DIPECTION

1

H JALNER FARM
& 4%9E+02

25 MILES Nu

capm 2 46E+03 1

H UALKER
2 46E~-03 £ @abcEe+02

! 25 WMILEE W

WER LIMITY OF DETECTION TABLE E-°
PON DETE(

1IN PARENTH

DESCRIBED IN
S ONLY

PANGE RALEL
[€ INDICATED

|

COnTROL
LOCATIONS
MEAN (F
CAMNGE
SEE WOTE

S1E+63

3 SIE+03-

L

FRACTION OF DETECTABRLE MEASUREMENTS

IBE+03(
9BE+03

AY SPECIFIEL

NUMBREE OF

NONEOUT ITNE

REPFORTED
MEASUREMENTE




Tabie H

FruNE
EadIOoLOCiCAL
ITAL. PADIDLOGICAL ™NMONITORING
VESTERN AREA PADICLOGCICAL LABDRATORY
ENVIRONMENTAL MONITORING SEPORTING SYSTEM
RADIOACTIVITY IN SREEN BEaANS
PCI G ¢ 037 BO/KC (WET WT

INSTRUSENTAT TON

WURBRESR OF

NONE QU T INE
REFORTED

WL AT UREMENTS

YFE AND : ¥ L
AL NUMBEFR ¢ L : - LOCATION UITH HIGHEST ANNUAL ™MEAN
ANAL YEIES t ECTION NAarT MEAN (F
REOP™mED £ DISTANCE AND DIRECTION FancE

ce ” ) SEE NOTE

36E+90

O ALNER FaR™ : s ! TR
1 25 WILES W §SE«93 1t B7E+93~ 1

NOMINAL LOUER LIMIY OF DETECTION : g 5 ISED IN TARLE £-°
MEAN AND RANGCE BASED UPON DETECTABL onL Y FRACTION OF DETECTABLE MEASUREIMENTE AT P

LOCATIONS 1€ INDICATED IN PARENTHE




Tabie

" nte : = v

RADICLOGICS
IS ICAL MONITORING D INZTOUMENTATION

TERNK AREA FADIGLOCICA LABOPATOR ~

e
IRONMENT AL MONITON ING REFORTING SYSTEM
PADIOACTIVITY IN POTATOES

PCiskG 9 637 DA/KC (WUET UT)

TYPE AND ' ! L - NUMBEE OF
TOTAL MUMBER ) L O! O 0 ¢ Y Wi ] : i nomEOUT
W AMAL YS 1S ~T10 (€ g REPORTCD
ERFORNED LD i CE CTION ME AT IREMENTE

JALKER FaAR™ 7 03¢ ' T TeE+03 1
2 MILES W TEE~+0 £ S TEE+03~ S T6E+03

0DE+00 7 62E+001( 7 UALKER FARWN 7 G2E+00¢ ¥ LB ! VALUES
T S2E+00~ 7 1 25 MILES W T G2E+90- 62E+00

SOE 02 2 SHGE+03¢ WALKER FARM 2 SEE«03¢ 1/ 1 3 SOE+03
2 S6E+03- 2 S 0 2 S6E+03 S6E+03 3 S0E+03

NOHINAL LOUER IMIT OF DETECTION (LLD) AS DESCRIBED IN TABLE E-?
MEAN AND RANGE BASED UPON DETECTABLE MEASURERENTS ONLY FRACTION OF DETECTADLE MEASUREMENTS AT SPECIFIED
LOCATIONS IS INDICATED IN PARENTHESES (F)




Tabie B-12
ICA TR
PAD I OL 0% NONITORING AND INSTRUMENTAT?
UE STERSN affa SADIOLOGICAYL _ABRORATOR
IRONMENTAL MONITORING REPORTING SYSTEW™
FPADICATTIVITY IN TOMATOES
PC1/%G g 037 BOEG wEY

anT

NUMBER OF
ST ANNUA g AN NONEOUT INE
mEAN (F (F?2 REFORTED
"ANGE MEASUREmENTS
SEE NCTE

H OUALKER FARM
SE+03 1 25 WILES W

J 1) B UALKER Fasm
TrE+03 1 25 MILES W

NO™ - L LOWER LIMNIT OF DETECTION (LLD? AS DESCRISED IN YTABRLE E-
MEAN AND RANCE BASED UPON DETETTABLE MEASUREMENTS ONLY FRACTION OF DETECTABLE MEASUREMENTS AT SPE
ATIONS 15 INGICATED IN PARENTHESES (F)




IROMNMENTA

Eny

NAME OF Facio?!
OCATION OF FACILITY MAMILTON TENNECSCEE

TYPE anD LOWUER LIMIY
TOTAL NUMBE® or
OF ANALYSIS DETECTION
PERF ORMED LLD)
SEE ROTE 1

GAMPBA SCAN (GEL I

NOE+0

T 00E+00 S 26E+001
4 89F+00-

8 VALUES

B VALUES

NOMINAL LOWER LIMIY OF DETECTION

MEAN AND RANGE BASED UPON DETECTABLE MEASUREMENTS ONLY

TY SEQUOYAM NUCLEAR PLANT

(LLD) AS DESCRIBED IN TABLE E-1
FRACTION OF DETECTABLE MEASUREMENTS AT

Table H-13
ENNESSEE VA EY A
PADIOLOCICAL CONTRO:
MONITOR ING AND
LAPORATORY
SYSTEM

ITHOR Y

RADIOLOGICA INCETRUMENTATION DEFT

VESTERN AFREA PaDICLOCICAL

IRONMENTAL MONITORING REPORTING

RADIOACTIVITY IN SUSFACE UATER(Total
P11 0 037 BG

DOKET NO S0-327, T&
REFORTING FERIOD 1989

LOCATION WITH HIGHEST ANNUAL ™Eawn
NAME MEAN (£
DISTANCE AND DISECTION FAanNGE
SEE NOTE

13) 2 T2E+001
2 0SE+00-

2 66E+001 2

2 06E«00- & 00E+00

2 22E+011¢ tr 13 13 VALUES

2 22Ee0 - 22E+0

& DOF 001 17 . T ITE+DO!
& 00E+00- 00E+00 3 1TE«00-

LLp 4 VALUES < LLD

LLD 4 VALUES ¢ LLD

LOCATIONS IS INDICATED IN PAPENTHESES (F)

SPECIF IED

NUMRES OF

NONROUT INE
REPGRTED

MEASUREMENTS




—
~Arl

T NT A NIT
PADICACTIVITY

S

DOZKET WNOD
GEPORT ING

INDUSTRIE

TEM 473 ¢
13 VALUES

E I DUPONT - E+D1 1 1 08E+01

TRM 470 = T OBE+01

(HiCKamaucA Dam ‘ 4 . < 26 VALUES

TEM 365 3

1TE+ 00

DOE DO : 3 . : 11 CF INDUSTERIES
3 1TE«00

SQE+ B0 TeM 273 0

8 VALUE

D) AS DESCRIFED 1IN
onNL Y cT1 % DETECTABLE MEASUREMENTS AT

NOMINAL LOWER LIMIT OF DETECTION (LL
MEAN AND RANGE BASED UPON DETECTABLE MEASUREMENTS

_LOCATIONSE IS INDICATED IN PARENTHESES (F)

i5




CONTEM™
LOCAT IONS

MEAN ‘F PEPORTED
PaANGF IREMENTS
SEE NOTE

TYFE AND
TOTAL NUMBESR
OF ANAL YS1€
PERF ORME D

WELL #6 3 TOE+021¢ ' ) & VALUES

ONSITE WNNE 3 TI9E+02-

NOMINAL LOWER LIMIT OF DETECTION (LLD! AS DESCRIPED IN TABLE E-!
MEAN AND RANGE BASED UPON DETECTABLE MEASUREMENTS ONLY FRACTION OF DETECTABLE MEASUREMENTS AT SPECIFIED
DCATIONS 15 INDICATED IN PARENTHESES (F)




AS DESCRIBED
SUREMENTS ONL L E TAPLE MEASUREMENTS A




MONITOR IN INSTRUMENT
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DR ING REFPORT IN( -
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¢ TDRY WEIGCHT
DOCHET NO
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¢ r WONROUT I NE
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NOMINAL LOWER LIMIY OF DETECTION (LLD?) AS DESCRIBED IN TABLE E-?
MEAN AND RANGE BASED UPON DETECTABLE MEASUREMENTS ONLY FRACTION OF DETECTABLE MEASUREMENTS AY

_OCATIONS IS INDICATED IN PARENTHESES (F»




NUIMBEFR OF
TR e - 4 NCATIONS NN TINE
AT ez wiieenes
DIPECT] 2 ANGE e
£E NOTE

CONMTROL

DISTANCE ANT

IN TABLE E
FRACTION OF DETECTABLE MEASUREMENTS AT

e 4 , : DESCRIBED
ONL Y

NOMINA
MEAN AND RANCE BASED UPON
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Table H-22
TENMNESSEE VALLEY AUTHORITY
RADICLOGICAL

JIRONMENTAL RADIOLOGICAL MONITORING AND
UESTERN AREA RADIOLOGCICAL LABORATORY
ENVIRONMENTAL MONITORING REPORTING SYSTEM™

PADIOACTIVITY IN CLAM FLESH

PCI/GM - & 037 BO/C (DRY UEIGHT)

CONTROL
INSTRUMENTATION DEPT

NUCLEAR PLANT DOCKET NO So-327.328
TENNESSEE REPORTING PERIOD 1989
LOVER LINMIY ALL CONTROL NUMBER OF
OF INDICATOR LOCATIONS LOCATION WITH HIGHEST ANNUAL MEAN LOCATIONS NONROUT INE
DETECTION MEAN (F) NAME MEAN (F) MEAN (F) REPORTED
(LLD? RANGE DISTANCE AND DIRECTION RANGE RANGCE MEASUREMENTES
SEE NOTE 1 SEE NOTE 2 SEE NOTE 2 SEE NOTE 2

SEQUOYAHN

OF FACILITY
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TYPE AND
TOTAL NUNBER

OF ANALYSLS
PERFORMED
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AS DESCRIBED IN TABLE E-?
FRACTION OF DETECTABLE NEASUREMENTS AT SPECIFIED

NOTE 1 NOMINAL LOUER LIMIT CF DETECTION (LLD)
NOTE 2 MEAN AAD RANGE BASED UPON DETECTABLE MEASUREMENTS ONLY
LOCATIONS IS INDICATED IN PARENTHESES
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Figure H-3

Annual Average Gross Beta Activity
Air Filters (pCi/Cubic Meter)
Sequoyah Nuclear Plant

Indicator

Preoperationa!l Phase | Operationai Phase

Preoperational Average
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e B N SN _—

LRSS :

s

72 7374 75 76 77 78 79 80p80o 81 82 83 84 85 86 87 88 89

* Data not collected in 1974




Figure H-4

Annual Average Gross Beta Activity
Surface Water (pCi/liter)
Sequoyah Nuclear Plant

B indicator E3 Control

6 7 Preoperational Phase Operational Phase

5 4 Preoperational Average
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3
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Figure H-5

Annual Average Gross Beta Activity
Drinking Water (pCi/liter)
Sequoyah Nuclear Plant

B ndicator E3 control

Preoperational Phase Operational Phase
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